Fusarium wilt, caused by Fusarium oxysporum f. sp. lycopersici, is a vascular disease of tomato plants (Lycopersicon esculentum Mill.) that causes losses in both yield and quality of tomatoes (Jones and Woltz, 1982; Kuniyasu, 1990) . Although the use of Fusarium-resistant cultivars can provide some degree of disease control, alternative disease control methods are required for many susceptible commercial cultivars. In addition, ecological damage and pesticide resistance resulting from repeated use of chemical fungicides for control of plant diseases have prompted a search for alternative control methods. With regard to the potential of biocontrol agents for the suppression of tomato Fusarium wilt, some fungal or bacterial agents have been reported (De Cal et al., 1995; Larkin and Fravel, 1998; Toyoda et al., 1993; Yamaguchi et al., 1992) . However, the effect of biocontrol agents alone is not always satisfactory, and many researchers have stated that the synergistic phenomenon involved in the control of diseases using a combined application of fungicides and biocontrol agents is an attractive alternative (Duffy, 2000; Elmer and McGovern, 2004; Kondoh et al., 2000) . Pseudomonas fluorescens strain LRB3W1 (LRB3W1 hereafter) was isolated from the lettuce rhizosphere. This bacterium produces the antibiotics 2,4-diacetylphloroglucinol (DAPG) and hydrogen cyanide (HCN), and inhibits the growth of several phytopathogenic fungi and bacteria (Tazawa et al., 2000; Sugisawa et al., 2004; Tsuchiya et al., 1997) . In the present study, we examined the antagonistic activity of the strain LRB3W1 against the Fusarium wilt pathogen, F oxysporum f. sp. lycopersici, and subsequently demonstrated its suppressive effect on Fusarium wilt of tomato. We also demonstrated that the combination of the bacterium with the chemical fungicide, benomyl, at low concentrations enhanced the suppressive effect of the bacterium against the same disease.
Strain LRB3W1 was isolated from the lettuce benomyl. We have previously reported that a chitinolytic enzyme-producing bacterium, Serratia marcescens, controlled some fungal plant diseases (Someya et al., 2000; 2005a) , and demonstrated that a low dosage of antifungal compounds including antibiotic and chemical fungicides enhanced the antifungal activity of the chitinase-producing bacterium (Someya et al., 2001; 2005c) . In the cases of combined application of lytic enzymes and antifungal compounds, cell wall degradation by lytic enzymes has a possibility to enhance the uptake of antifungal compounds into fungal cells (Someya et al., 2001; 2005c; Woo et al., 2002) . However, although strain LRB3W1 does not produce lytic enzymes such as chitinases, synergistic biocontrol activity was observed. Other strains of antibiotic-producing bacteria also showed effectiveness in combination with chemical fungicides, but the synergistic mechanisms have not yet been identified (Duffy, 2000; Elmer and McGovern, 2004; Kondoh et al., 2000) . We are currently focusing on the role of interactions between the chemical and bacterial factors on the suppressive mechanisms.
In the tomato rhizosphere, the population of LRB3W1-rif/nal/str remained at ca. 107 CFU/g soil 4 wk after bacterial inoculation under glasshouse conditions (Fig. 5) . Not only did the bacterium not cause any significant damage to tomato plants, but strain LRB3W1 enhanced the growth of several crop plants (data not shown). The bacterial population was not influenced by treatment with benomyl at high concentration (Fig. 5) . In the case of co-utilization of a biocontrol bacterium Bacillus subtilis and a fungicide, flutolanil, the bacterium also was not influenced by the existence of flutolanil in soil (Kondoh et Biocontrol of soilborne phytopathogens by introducing microorganisms has been studied for a long period. However, biocontrol alone is not sufficiently effective in agricultural systems while a low dosage of chemical fungicides also fails to achieve an adequate level of disease control. Therefore, many researchers have stated that the synergistic integrated use of fungicides and biocontrol agents for the control of phytopathogens may be more efficient and longer lasting than that achieved with biological agents or a low dosage of fungicides alone. The present study indicated that synergistic effects between the antagonistic bacterium P. fluorescens strain LRB3W1 and a low dosage of the fungicide, benomyl, played a role in the integrated control of the Fusarium wilt of tomato. Our results demonstrated the possibility that the combined use of a biocontrol agent and chemical fungicide is an attractive approach to reduce the chemical dosages for disease management.
